Prosthetic heart valve (PHV) replacement replaces a heart disease with another one. There is no ideal prosthetic heart valve. All of the prosthetic heart valves need to be followed by caution. PHV diseases (PHVD) includes a group of pathologic processes like prosthetic valve obstruction, thromboembolism and regurgitation. Correct diagnosis and treatment of these pathologic situations will decrease mortality and morbidity due to PHVD. Knowledge about PHVD and correct usage of cardiac imaging modalities for the diagnosis, make possible to solve the problem. Most helpful diagnostic test for PHVD is transesophageal echocardiography (TEE). The aim of this review is to describe TEE in PHVD, TEE imaging characteristics of some special PHVD and clinical guidance of TEE in prosthetic heart valve problems.
INTRODUCTION
Prosthetic heart valves (PHV), used for many years in the treatment of valvular heart diseases. If it is necessary, diseased heart valves can be replaced with mechanical valves, or bioprosthesis, which is generally derived from pig pericardium. Prosthetic valve selection should be made with caution, depending on the patient's clinical characteristics. However, no matter how accurate selection, severe problems may occur during the follow-up of prosthetic valves. While some of these problems inevitably, some of them can be prevented effectively by medical treatment. In any case, in order to be able to get an appropriate approach to the problems of prosthetic valve, we need to know imaging of prosthetic heart valve disease (PHVD) very well. Transesophageal echocardiography (TEE) is the major diagnostic tool which enables to visualise structure of any PHV and most of the pathologies with PHVD. The aim of this review is to describe TEE findings in PHV diseases, TEE imaging characteristics of special PHVD and clinical guidance of TEE in prosthetic heart valve problems.
PROSTHETIC VALVE OBSTRUCTION
Prosthetic valve obstruction, may develop due to thrombus, vegetations, pannus formation, or combinations thereof [1] . Most frequent cause [2] of prosthetic mitral valve obstruction is thrombus, while the prosthetic aortic valve is pannus (Figures 1 and 2) .
The frequency of prosthetic valve obstruction, depends on the valve type and size, location of the valve, adequacy of anticoagulant therapy. It is determined as 0.1% -0.4%/year [3] . Decreased exercise capacity, increased shortness of breath, or thromboembolic events in a patient with a mechanical or biological prosthesis, may be the signs of prosthetic valve obstruction. If anticoagulant therapy is insufficient, if the patient is neglected anticoagulant therapy or there is a tendency to clotting, suspicions should increase about prosthetic valve obstruction. To determine the cause of the prosthetic valve obstruction, clinical and laboratory findings should be considered together.
Echocardiography is the most helpful diagnostic test. Transthoracic echocardiography (TTE) is often followed by TEE during the diagnosis period. For diagnosis, maximal and mean pressure gradient and effective valve area for the prosthesis should be measured/calculated and compared with the predicted normal values and the values of the first TTE/TEE of the patient after surgery. It should be noted that, increased flow rate determined on any prosthetic valve may not always indicate prosthetic valve obstruction, it should be evaluated together with other data about the valve [4] . Recent guidelines indicated that, in patients with suspected thrombosis, TTE with Doppler echocardiography should be used to determine the hemodynamic severity, while TEE and fluoroscopy is necessary to see the valve motion and clot properties (Class 1 requirements, level of evidence B) [1] . TEE may be helpful for the differentiation of thrombus and pannus. In TEE examination, findings suggestive of thrombus are, a mass with soft echo-density and videointensity ratio <0.7, together with the occurrence of inadequate anticoagulant therapy [5] .
Prosthetic valve obstruction is treated with medical or surgical methods. All types of treatment involves high risk. Emergency surgery has highest risk ratios. In fibrinolytic therapy, bleeding, systemic embolism, and reobstruction may occur and complicate the treatment period. Differential diagnosis is necessary for decision of best treatment method. In mitral prosthesis, in the presence of pannus, which can be difficult to distinguish from thrombus, or in cases with chronic obstruction, fibrinolytic therapy is unlikely to be successful [6, 7] . TEE is helpful for differential diagnosis of pannus and thrombus.
PROSTHESIS THROMBOEMBOLISM
Thromboembolism of prosthetic valves is a common complication [8] . The risk of thromboembolism in tilting single and double disc prosthesis is similar to bioprosthetic valves and it is 1.5% -2% patient/year [8] .
The etiology of the thromboembolism after surgery is multifactorial [9] . Several thromboembolic events caused by vegetation, thrombus and abnormal flow conditions of the prosthesis. Chronic atrial fibrillation and PHV dysfunction increase the risk of thromboembolism. In patients with mitral valve prosthesis, if left atrium is small, patient is in sinus rhythm and cardiac output is normal, the risk of thromboembolism is low.
During thromboembolism attacks, cardiac imaging methods of heart and organ where the embolic incident occurred establishes the diagnosis and determines the relation of the heart and the situation. Built-in fibrin clusters which can be viewed by at the atrial surfaces of the mitral prosthesis and at ventricular surfaces of the aortic prosthesis often cause thromboembolic events. These clusters can be monitored easily by TEE. In a study of Isada et al. [10] , fibrin clusters are observed that 18% of the mitral prostheses, and they has been caused hemodynamic problems in 53% of it (Figure 3) .
In order to establish appropriate treatment, if it is clinically safe, target anticoagulation level should be increased or an antiplatelet drug should be added. In order to prevent further thromboembolic events, anticoagulant therapy should be optimized as described above, patient should be followed with neurology, and predisposing factors should be treated or reversed [1] .
PROSTHETIC VALVE REGURGITATION
There is a small amount of physiological valvular regurgitation in all prosthetic valves. The markers of physiological valvular regurgitation are as follows: 1: Jet area <2 cm 2 and jet length <2.5 cm in mitral position; 2: Jet area <1 cm 2 and the jet length is <1.5 cm in aortic position; 3: Blood flow properties is intended for the characteristic of the prosthesis: (Single-center jet, in Medtronic Hall, two different jets with different sizes in Björk-Shiley, 2 side and 1 central jet in St. Jude Medical's, etc.). Markers of the pathologic regurgitation are valvular regurgitant jets which does not cover the features above and all the jets outside from the valve ring (paravalvuler regurgitant jets) [4] . All non-physiological and paravalvular leaks are cause of re-surgical intervention.
Paravalvular regurgitant jets usually depends on the separation of the PHV and annulus (valve dehiscence) (Figures 4(A) and (B) and Figures 5(A) and (B) ) caused by infective endocarditis. However, it may caused by improper valve placement and suture line breakage [4] . In severe paravalvular mitral regurgitation, Coanda effect in TEE (circular jet motion on the walls of the left atrium) can be observed [8] . Paravalvular jets are important because they require replacement of PHV or repair of defect by surgical methods. Normally, most of the PHV may accompany a mild chronic hemolytic anemia. Paravalvular regurgitant jets, however, often lead to refractory hemolysis and hemolytic anemia. Severe hemolytic anemia, should indicate paravalvular regurgitation.
For the diagnosis of prosthetic aortic valve regurgitation, a comprehensive assessment of two-dimensional/ color Doppler echocardiography by TTE and TEE, should be done. Grading is the same as native valves. Ventricular size and function are important determinants of severity. Measurements of short axis jet length and jet area are shown to be compatible with angiographic severity of aortic regurgitation (r = 0.93 and 0.91) [8] . Eccentric jets may cause overestimation of the severity of regurgitation caused by the prosthesis. TEE, can provide insight into primary mechanical prosthetic valve regurgitation, informs about the structure, (broken leaflet, valve ring separation, vegetations, abscesses, fistulas next to the valve) in detail. Generally, by a careful TTE and/or TEE, separation point of the valve and pathological blood jet can be demonstrated easily. On the other hand, (left ventricle outflow tract area/jet area) is easy to measure due to very good visibility of the left ventricular outflow tract by TEE. In addition, evaluation of the ascending aorta aneurysms and dissection should be a routine part of the TEE [8] . Indicators of severe aortic regurgitation are: 1: jet pressure half-time ≤250 ms; 2: restictive mitral filling pattern in acute aortic regurgitation; 3: diastolic flow reversal in the descending aorta; 4: regur-gitant fraction ≥55% [4] .
Prosthetic mitral valve regurgitation, should also be evaluated by multiple methods. When assessing hemodynamic effects of mitral regurgitation, whether the regurgitation is acute or not is very important. For example, even a moderate degree of acute mitral prosthetic regurgitation may lead to pulmonary edema, because of the inflexible left atrium. In contrast, patients with chronic and severe mitral prosthetic regurgitation may have no symptoms due to compensatory mechanisms. Evaluation of mitral regurgitation of a mechanical prosthesis by TTE is limited due to reverberations. This problem is less pronounced in bioprosthesis. So, as a general rule, if pathological mitral regurgitation is suspected, regardless of the type of prosthesis, TEE should be done. Markers of severe prosthetic mitral regurgitation: 1: Increased mitral inflow velocity (≥2.5 m/s) and normal mitral valve pressure half time (≤150 ms); 2: Intense Continuous wave Doppler mitral regurgitation jet; 3: Regurgitant fraction ≥55%; 4: effective regurgitant orifice area ≥0.34 cm 2 , 5: systolic pulmonary venous reversals. Proximal isovelocity surface area (PISA), which can be determined not only by TTE, but by TEE, highlights a severe mitral regurgitation. In a study of prosthetic mitral regurgitation, PISA was compared with the Doppler signal intensity and the intensity of the jet in the left atrium and PISA was found more sensitive but less specific [11] . Unexplained worsening in clinical status or new pulmonary hypertension, may be signs of severe mitral regurgitation [8] . Pulmonary venous Doppler flow is suggestive of the diagnosis of severe prosthetic mitral valve regurgitation, disappearance of systolic wave and return of systolic flow reversals in favor of seriousness. Pulmonary venous flow reversal, more evident in acute prosthetic mitral regurgitation, compared to the chronic prosthetic mitral regurgitation. However, there are no standards available for pulmonary venous flows for the evaluation of prosthetic mitral regurgitation. Coanda effect in TEE [8] indicates severe mitral regurgitation in valve dehiscence (Figure 4(B) ).
